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(57) Abstract: A distributed radio system with multiple transceivers (Fig 5) foi simulcasting and selective processing of received 
signals. The system includes processing elements and radio frequency transmitter elements (RFU) interconnected by an Etheniet 
network. RFU are designated to he elements of a radio frequency simulcast set Tlie system utilizes few frequency channels, and 
transmits at low power levels thus casuses minimal interference with existing macrocellular environment When signals transmitted 
are detected, the system selects a desired radio receiver signal for processing using a distributed processing technique that performs 
the selection process throughout seveial levels which may be synchronized A selection time window is utillized for the selection 
process for opstream-icceived data traffic including a centralized data link layer Transmissions are implemented by a twolevel mul- 
ticast technique The data transmission traffic is bundled (320) Selective management of the Ethernet switches (BCM) is performed, 
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DISTRIBUTBD RADIO SYSTEM WITH MULTIPLE TRANSCEIVERS FOR 
SIMULCASTING AND SELECTIVE PROCESSING OF RECEIVED SIGNALS 

FIELD OF THE INVENTION 
This invention relates generally to distibuted radio systems and, more 
5 paiticiilaily, to an mdooi system with multiple tiansceivexs foi simulcasting and selective 
processing of received signals. 

BACKGROUND OF THE INVENTION 
Wheless (e.g., cellulai) opeiatois are faced with the continuing challenge of 
expanding the coverage areas of theii systems^ while at the same time adheiing to cost, 
10 power, and fiequency limitations, One aiea foi expanding coveiage is in indooi 
environments. Howevei, it is also desiied that such systems not interfere with the 
existing macroceliulat envkoimient, even if opeiating in the same fiequency band for a 
given cellular standard, 

The present invention is directed to providing a system and method that can be 
15 operated at low powei levels and which cause minimal interference with the existing 
macEocellular enviiomnent. Moie specifically, the piesent iavention is diiected to a 
system and melliod in which multiple tiansceivesrs aie utilized in an indoor system and 
wMcli are able to each effectively transmit signals to a mobile unit at low power levels by 
utilizit^ a simulcasting technique., 

20 SUMMARY OF THE INVENTION 

A distributed radio system with multiple transceivers for communicating with 
mobile units via simulcasting and selective pi ocessing of received signals is disclosed. In 
accordance with one aspect of the invention, the system transmits at very low power 
levels., Due to &e use of the low power levels, the system does not tend to interfere with 

25 the existing macrwellulai enviionment.. 

In accordance with anothei aspect of the inventiouj the system utilizes relatively 
few frequency channels. The system is able to provide large geographical coverage with 
relatively few channels, while transmitting at low power' levels^ by sunulcasting identical 
radio fiequency signals fiom several different radio transmitters distributed withni a 

30 building or similar area using the limited numbei of fiequency charmels,. This allows the 
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system to cover a relatively laige indooi" installation. Fmtheimore, as noted above, tihie 
system interferes veiy little with the existing macrocellulai environment, even though the 
same fireqnency baud for a given cellular standard is being used, given that the system is 
able to opei ate at veiy low power levels by utilizing the simulcast technique . 
5 In accordance with another aspect of the invention, in one embodiment the 

distributed radio system includes a pluiality of processing elements and radio frequency 
transmitter elements interconnected by an Ethernet netwoik (e.g.., the IEEE 802)., The 
distributed radio system simulcasts a common modulating signal on a common radio 
frequency cariiei, using at least two radio frequency transmitter elements, A set of radio 
10 frequency transmitter elements, which simulcast a common modulated radio frequency 
signal, are designated as a radio flequency simulcast set. In operation, the elements of a 
radio frequency shnulcast set are configured to receive Ethernet sampled signal packets 
and transmit the information contained in the packets by modulating their- radio frequency 
carrier- 
is In accordance with anoliier aspect of the invention, in one embodunent the 
simulcast method designates a number of particular radio frequency transmitter elements 
to be elements of a radio fiequoicy simulcast set. A first set of Ethernet packets is 
transmitted to be received by the elements of the radio frequency simulcast set. The &st 
set of Ethernet packets is used to program the elements of the radio frequency simulcast 
20 set with a multicast address. The elements of the radio frequency simulcast set are 
fhereaftei responsive to Ethernet packets containing the multicast address as the 
designation media access control (MAC) address. A second set of Ethernet packets is 
transmitted to be received by the elements of the r adio frequency simulcast set The 
second set of Ethernet packets is used to program the elements of the radio frequency 
25 simulcast set to operate using a particular common radio frequency caiiier, In addition, 
Ethernet sampled signal packets are periodically transmitted, The Ethernet sampled 
signal packets contain a designation address, which is equivalent to the programmed 
multicast address The elements of the radio frequency simulcast set aie configured to 
receive the Ethernet sampled signal packets. The elements of^ the radio frequency 
30 simulcast set modulate the conmion radio frequency carrier- in accordance with sampled 
data included in the Ethernet sampled signal packets. 

In accordance with another aspect of the invention, the processing elements of the 
system nrclude at least one central processing unit and a plurality of airlink processing 



wo 03/073668 



PCTAJS03/05884 



units. The cental processing imit is responsible foi inteifacing the system to external 
envkonmentSs such as a maciocellular environment, oi to a public switched telephone 
network, as well as for network management of the oveiall system,. In one embodiment, 
the central processing unit may be a netwoik chassis unit. The central processing unit is 

5 coupled to several airlink processing units through an Ethernet netwoik,, Each aiilink 
processing unit is coupled to several radio transceivers, also through the Ethernet 
network. In one embodiment, the aiilink processmg units may be airlink chassis units . 

In accordance with another aspect of the invention, the data link layer may be 
centralized. For the transmission of data to the mobile units, it is important that the data, 

1 0 which is simulcast by several transmitter s, be identical. If each simulcast radio frequency 
tmnsmittet element does not tr ansmit identical signals, co-channel inter ference can result, 
thus degrading the signal received by the mobile unit, To ensure that the transmitted data 
is identical, the layer 2 (data link layer) is centralized at the cental processuig unit. 
Layer 2 Ethernet packets are sent by the central processing unit to several airlink 

1 5 processing units, which furHiei process the layer 2 information into waveforms^ whdch are 
finally transmitted by each simulcast radio transmitter, 

In accordance with another aspect of the invention, transmissions may be 
implemented by a two-level multicast technique.. In an embodiment that utilizes this 
technique, the tiansmit data is sent by the central processing unit to multiple airlink 

20 processing units in layer 2 format as multicast Ethernet packets., Then, the transmit data 
is sent by each airlink processmg unit to associated multiple radio transceivers in layer 1 
format (sample waveforms), also as multicast Ethernet packets . 

In accordance with another aspect of the invention, when signals transmitted from 
a mobile unit are detected by multiple radio receivers, the system is able to select a 

25 desired radio receiver signal for processing. The multiple radio receivers simultaneously 
provide detected data into the system. The detected data includes identical information, 
but at different quality levels. The system is able to select a desired signal for processing , 
In accordance with another aspect of the inventioii, when selecting a received 
signal for processing, a distributed processing technique is utilized that performs a 

30 process of gradual selection, A given mobile device may be located in relatively close 
prx)ximity to several possible wireless receivers . It is desired to select and process only 
the signal that is provided by the receiver having the strongest signal from the mobile 
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unit A selection decision is made by a piocess that has visibility to all of the relevant 
receivers in the system. 

In accordance with anothei aspect of the invention, in a prefeired embodiment, the 
system is interconnected via Ethernet links having limited bandwidtih,. Ihis configuiation 
5 would generally make it impractical to forward data from every receivei m &e selective 
decision process because such would tend to lapidly exceed the netwoik capacity, The 
solution provided by the present invention is to utilize a distributed piocessing technique 
that results in gradual selection, More specifically, the selection process may be 
performed at several different levels, including at the central piocessing unit and at the 
10 aulink processing units. The final selection process is located in tiie central processing 
unit, which is at the top of the system hierar chy . However; each aiiiink processing unit 
will choose the received signal from only one of tiie radio transceivers and will forward 
only one signal to the central processing unit for a final decision. In this way, the 
simulcast receiver processing is distributed through the system and the selection of the 
1 5 best -rweived signal is gradually selected as received signals flow up the hieraichy. 

In accoidance with another aspect of the invention, the selection process may be 
more or less distributed, depending on the available data rates of the system,. For- 
example, a system utilizing the Global System for Mobile Communications (GSM) 
technology, which has a relatively high data rate, may allow the central processing unit to 
20 have sufficient time to receive sisals from several radio processing transceivers in a 
given air link processing unit as pait of the selection process. An additional technique for 
scr eening signals may involve requiting a minimum signal strength, which is detected in 
the radio transceivers themselves, in order to be forwarded upstream to the corresponding 
aiilink processing unit. 

25 In accordance with another aspect of the invention, the distributed processing 

utilized by the selection process may be synchronized, In one embodiment, it is desirable 
that the signals received fiom each radio transceiver correspond to substantially the same 
moment in time in order to correctly evaluate the differences between the received 
signals., It is desirable that the central processmg unit be synchronized with the aiilink 

30 processing units and tiie radio transceivers so that the central processing unit knows when 
to expect the arrival of received signals from the aiilink processing units and when a 
decision in the selection process should be made It is preferable that the synchronization 
be performed at least at the end points of the system, i.e., the central processing unit and 
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the radio transceivers However, the system delay can be fuifhei nmumized if ths 
processes hi the aiilmk piocessing unite ate also synchionized 

In accordance with another ag)ect of the invention, a selection time window may 
be set for making the selection process fox' the upstieam-received data ttaffic. Ihus, 
5 selection decision is made by the selection process in the centr al processing unit within a 
certain time window^ regaidiess of whether all expected x eceived signal data has arrived 
at the central processing unit,. In geneial, as part of this method, the central processing 
unit has a time base that is synchr onized with the air link piocessing units and the ladio 
transceivers., 

10 In accordance with another aspect of the invention, the data traffic may be 

bundled,. Inbound traffic leceived fiom the radio transceivers is bundled in oxdei to not 
overwhelm the central processing unit, which services the task for transmitting Ethernet 
packets. For multiple ladio frequency channels, multiple Ethernet packets, each 
containing a selected received signal, can be periodically sent from each airlink 

15 processmg unit to the central processing unit. Rather than sending individual Ethernet 
packets foi each radio fr equency channel, the data is bundled into one or more Ethernet 
packets, thus reducing the overhead required to service the transmission of multiple 
Ethernet packets., Outbound traffic that is transmitted by the radio transceivers may also 
be bundled, such that infoimation from multiple radio frequency channels is grouped into 

20 a single Ethernet packet. 

In accordance with another aspect of the invention, the system may peifbim 
selective management of Ethernet switches,. In ceitain areas of the systemj the data 
tansmission traffic may be veiy high, such as at the Ethemet link between the radio 
transceiver s and the airlmk processing units, smce much of this traffic represents the raw 

25 samples of the waveforms. Many of these Ethernet packets are also multicast packets, 
which would ordinaiily be flooded throughout the network. However, in some 
embodiments this may be undesirable because other network connections in the system, 
such as between the central piocessing unit and the aiilink processing units, may be 
burdened or overwhehned by the traffic . In large systems, it is desirable to configure the 

30 Ethernet switches to filter, or- reject, the transmission of designated packets on designated 
ports,. 

It will be appreciated that the disclosed system and method are advantageous in 
that they can be used to provide large geographical coverage (e .g ., in an indoor system) 
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with relatively few fiequency channels and with reladvely low power transmission 
requiiements, and that they thus minimize the interference with the existing maciocelMar 
environment even while operating in the same fi'equency band for- a given cellular 
standard 

5 BRffiP DESCRIPTION OF THE DRAWINGS 

The foregomg aspects and many of the attendant advantages of this invention will 
become more readily appreciated as the same become better miderstood by reference to 
the following detailed desciiption, when taken in conjimction with the accompanying 
diawingSj wherein: 
10 FIGURE 1 is a block diagram of a system architectine; 

FIGURE 2 is a diagram illustrating the flow of data through a non-simulcast 
system; 

FIGURE 3 is a block diagiam of a psendo -simulcast system; 
FIGURE 4 is a diagiam showing a reuse pattern for a one-cellj three-sector 
15 system; 

FIGURES is a block diagiam of a simulcast system in which the layer 2 
processing is performed on the network chassis imit and Ihe layer 1 processing is 
peifoimed on the ahrlmk chassis unit; 

FIGURE 6 is a di^am illustating the flow of data through liie system of 
20 FIGURES; 

FIGURE? is a block di^am of a sknulcast system in which the layer 2 
piwessmg is performed on the network chassis unit and the layer 1 processing is split 
between the network chassis unit and Uie aiilmk chassis unit; 

FIGURE 8 is a diagiam illustrating the flow of data through the system of 
25 FIGURE?; 

FIGURE 9 is a block diagiam of a simulcast system in which both flie layer 2 and 
iayei 1 processing are peifoimed on flie network chassis unit; 

FIGURE 10 is a diagiam illustiatmg mitiaUzation messages for various scenaiios; 
FIGURE 11 is a diagram illustating a sequence of events that occur as part of a 
30 proceduie that is executed foi each radio blade inseition; 

FIGURE 12 is a diagiam illustiating a channel setup ring buffer; 
FIGURE 13 is a flow diagram of a message router task; 
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FIGURE 14 is a flow diagiam of an outbound message processing task; and 
FIGURE 15 is a flow diagram of an inbound message processing task. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
FIGURE 1 shows a system architecture. A netwoik chassis unit NCU serves as a 

5 central processing unit and is coupled through Ethernet links to aiilink chassis units 
ACU X, ACU-Y, andACU-Z. The network chassis unit NCU is responsible for 
interfacing the system to external enviromnents, such as a macrocellulai system or the 
PSTN, as well as netwoik management of the overall system, 

The network chassis unit NCU contains network processing cards NPC-A, 

10 NPC-B, and NPC-C The network processing cards NPC^-A, NPC-B, and NPC-C may 
actually be aiilink processing cards, as will be described in more detail below. The 
netwoik chassis unit NCU also includes an Ethernet switch ES which is coupled to a 
microprocessor PROC, In one embodiment, the Ethernet switch ES may be a broadcom 
Ethernet switch and the microprocessor PROC may be an 8240 microprocessor,, The 

15 Ethernet switch ES is coupled thi'ou^ an Ethernet link to an integrated site 
controller ISC While an integrated site controller is shown, it will be understood that 
other types of switching controllers may be substituted. In one embodiment, the 
communications between the Etheirret switch ES and the integrated site controller ISC are 
L3 messagesA^SELP packets on ISmSec timing,. The integrated site conbollerlSC 

20 includes an access control gateway ACG, which hicludes processing for sectors A, B, 
and C, as will be described m more detail below. 

Each of the airlink chassis units ACU -X, ACU-Y, and ACU Z includes a set of 
aiilmk processing cards APC-A, APC-B, and APC-C. The airlmk chassis units also each 
include an Ethernet switch ES, which is coupled to a microprocessor PROC and to each 

25 of the airlink processing car ds APC, which each also include a microprocessor PROC In 
one embodiment, in the configuration of FIGURE 1 as well as in other configur ations 
described below, the microprocessors PROC of the chassis units ACU or NCU may be 
8240 micropr ocessor s, while the micropr ocessor's of the processing car'ds APC or NPC 
may be 82 60 microprocessors . 

30 The communications between the aiilirik processing cards APC and the Ethernet 

switch ES include L2 PDUs/IQ packets, The Ethernet switches ES aie coupled through 
Ethernet Imks to tiie Ethernet switch ES of the network chassis unit NCU,. The Ethernet 
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switches ES of the aiiiink chassis units ACU ai« fuithei coupled thix>ugh Ethernet links to 
a series of ladio units RFU-A, RFU-B, and RFU-C. The commimications between the 
Bfhemet switch ES and the i'bSio units RFU aie IQ packets (7.i mSec) . Each of the ladio 
units RFU includes ladio blades RB (not shown) foi- transmitting signals 

5 As will be desciibed in more detail below, the basic requirement of the simulcast 

method of the present invention is that the same data is tiansmitted fiom every ladio 
blade RB simultaneously fot each of the sectors A, B, andC, To achieve this 
reqmreraent, it is desirable to have all of the radio blades RB within the radio units RFU 
synchionized together and the protocol data unit PDU for a paiticulai slot sent to all radio 

1 0 blades RB (in tiie same sector) within the same slot period , 

To guarantee identical protocol data unit PDU data, the associated control 
procedur e ACP, random-access procedure RAP, and voice channel procedur e VCP tasks 
are placed in the network chassis unit NCU rather than the aitlink chassis units ACU., 
This is illustr ated hi FIGURE 1 for ttie network processmg cards NPC-A to NPC-C and, 

15 thus, prx)vides a conmion cr eation point for the protocol data unit PDU data that needs to 
be sent to all aulmk processing cards APC . By usmg a multicast address on the outgoing 
protocol data unit PDU packets and guaranteeing slot synchronization between airlihk 
processing cards APC, a sunultaneous distribution of identical data can be made to take 
place. 

20 Ihe system and method of the present invention is also described in provisional 

US. Patent Application Serial No. 60/359,638, fiom which this application claims 
prior ityj and which is hereby incorporated herem by reference in its entuety. A related 
system is described in provisional U.S. Patent AppUcation Serial No, 60/359,637, which 
is commonly assigned and which is hereby incorporated herein by reference in its 

25 entirety, and m an application entitled "RADIO SYSTEM HAVING DISTRIBUTED 
REAL TIME PROCESSING", Attorney Docket No.. RFNI-1-18802, which is commonly 
assigned and co -filed with this application, and which is hereby incorporated herein by 
reference m its entirety.. 

FIGURE 2 is a diagram illustrating the flow of data through a non-simulcast 

30 system This system is shown for purposes of illustration and to provide a better 
explanation of the simulcasting method of the present invention. The non-simulcast 
method illustrated by FIGURE 2 is in an airlink processing card APC (as shown in 
FIGURE 1) based embodunent, in general, the digital signal processors and the tasks that 
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process the protocol data unitPDU data fiom the digital signal piDcessors are tightly 
coupled via Hie host-pott inteiface IBPI. As shown in FIGURE 2, the tasks that process 
the protocol data unitPDU data are the associated control piocedme ACP, the 
random-access piocedure RAP, and the voice channel procedure VCP., Data is 

5 transfeixed to the associated contr ol procedui e ACP and the r andom -access procedure 
RAP fiom a message router MR through message queues MQ„ Data is tiansfeired to the 
voice channel procedui'e VCP fhi'ough a fimction FUNC. Data reaches the message 
loutei- MR through a queue Q fi:om a digital sigaal processoi leader task RT, and a digital 
signal processor writer task WT, Data reaches the reader task RT and the writer' task WT 

10 fiom the host-port inteiface HPI Data reaches flie host-port inteiface HPI JErom the 
digital signal processor and, more specifically, fiom the component DSP-Tx and the 
component DSP-Rx,. Data reaches the component DSP-Tx and component DSP-Rx fiom 
the component FPGA, which provides and receives raw I/Q to the r adio blade. 

Refeiring to FIGURE 2, the data transfer is started based on what is called a slot 

15 r equest A slot inquest is a request by the digital signal processor for a new pr otocol data 
unitPDU to transmit in the next slot., In one embodiment, a slot request is received by 
the digital signal processor r eader task RT every 15 mSec, fiom the DSP component 22., 
This slot request event is triggered by the arrival of an I/Q sample packet fiom the radio 
blade RB, The digital signal processor reader taskRI then sends a message to the 

20 message router MR, which calls the appropriate fimction to get the protocol data 
unit PDU. The protocol data units PDU are retrieved via function calls and sent via the 
message queues . The message router MR then sends the protocol data unit PDU to the 
digital signal processor' writer task W I, which then writes it to the digital signal 
processoi. In one embodiment, the time between slot requests is 15 mSec and, as such, 

25 there is an approximately 14 mSec period to receiye the slot request message and respond 
back to the digital signal processor with a protocol data unitPDU. The digital signal 
processoi converts the protocol data unitPDU to an I/Q sample packet and then sends it 
to the radio blade RB for RF transmission. 

In addition to the slot requests, there ar« also outbound protocol data units PDU 

30 fi:om the digital signal processor to the integrated site controller ISC, Handover 
Messages, inbound integrated site controller ISC messages, periodic monitoring events, 
and UDP configuration messages that are generally desired to be processed within this 
14 mSec period.. Many of these additional events are asynchronous and, as such, they can 
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occm at aay time and in aay grouping In the system of FIGURE 2, thei-e is also 
geneially aa Ethernet switch (not showa) that provides propei louting of the Ethernet 

packets, 

In one embodiment of tJie present invention, one of the design goals is to have a 
limit of three control channel fiequencies per system, which may make C/I difficult to 
contEol via standard cellulai reuse techniques. This becomes an issue any time a given 
ladio blade RB is transmitting symbols that do not match those tansmitted fiom other 
cells.. This is a possibility if specific symbols for beaiex taffic and control channel 
messages ate not centrally coordinated throughout the service aiea of the system. These 
issues will be discussed below with reference to FIGURES, which illustrates a 
pseudo-sunulcast system, and with reference to FIGURES 5-9, which illustiate true 
sunulcast systems in accordaace with the present invention, 

FIGURES shows a pseudo-simulcast system in which layer 2 messages are 
generated in the airlink chassis units ACU as shown. FIGURE 3 has similar components 
to those of FIGURE 1 . As illustrated m FIGURE 3, for the airlink chassis units ACU, the 
transmissions from the aiilink processing cards APC to the Ethernet switch^ ES include 
L3 messagesAf SELF packets/IQ packets. The transmissions within the airlink piticessii^ 
cards APC include L2 messagesA^SELP packets, which are sent from the 
microprocessor PROG L2 component, which controls the random access procedme RAP, 
associated control procedme ACP, and the voice control procedure VCP, to the 
component for the SPAML2 (FEC, MAC), LI,. The liansmissions fiom the Ethernet 
switch ES of the network chassis unit NCU and the Ethernet switches ES of the aiilujk 
chassis units ACU include L:3 -messages A^SELP-packets (15 ms), which ai« the same 
type of messages transmitted between the Ethernet switch ES of the network chassis 
unit NCU and the integrated site controller ISC, 

The distributed layer 2 processing of FIGURES simplifies network design, but 
opens up the possibility of different packaging of layer 2 symbols into aiilink frames. In 
this scenario, every radio unitRFU that transmits a symbol different fiom the radio 
unit RFU serving the mobile will effectively be creating random co-channel interference 
to that mobile. In true simulcast systems, the layer 2 messages aie centr'ally located and 
distributed to each aiilink chassis unit ACU (and then to each radio unitRFU) in a 
synchronous naannei such that each aklink frame from each radio unitRFU contains 
exactly the same symbols. This could also be accomplished with distributed layer 2 
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symbol geneiation and packing but would require a substantial synchronization piotocol 
to assure system-wide symbol-to ■ aiilink packet synchronization. 

FIGURE 4 shows a l-ceU/3 -sectoi reuse pattern., The pattern shows elements for 
sectors A, B and C. FIGURE 4 illustiates an example of how signals t ansmitted from 

5 different radio units RJU in a Sector A sum up in the Mobile Station located in the 
middle of Sector A, According to one expeiimental set of results, a simple edge of the 
cell case (without the increased degradation of channel fading and without including 
tihaough floor and ceiling effects) showed that pseudo-simulcast systems may, in some 
circumstances, only have 9,5 dB C/I relative to co-channel non-synchionous contiol 

10 channel symbols,. This is generally below the operational thieshold for Integiated 
Dispatch Enhanced Network (lDEN) wavefoims and assumes a well-planned and regular 
netwoik topology, which may be unavailable in ceitain embodiments; This data point 
encouiages the use of tiue simulcast control channel (and bearer traffic) messaging over 
pseudo-simulcast messagmg,. 

15 The problems associated with simulcast messaging include nulls created by vector 

signal cancellation and the need for system- wide synchronization of both symbols 
(discussed above) and RF fiame timing. Simulcast signals will destructively interfere^ 
which will create nulls within the system coverage area. The conditions for deep nulls or 
neai -complete signal cancellation ate quite specific, though . In the case of two sunulcast 

20 signals transmitted with line-of-sight propagation models, the only place where signals 
will cancel is at the midpoint where each path loss is equal and then only vAion the RF 
envelope phases are diametrically opposed. As randomness in terms of channel 
variability and number of simulcast carriers is increased, it becomes more difficult to 
create a deep null cancellation . System simulations using simple distance-based path loss 

25 modeling and uniform random cariiei phase distributions show less than 1% of the total 
coverage area at risk of deep coverage nulls with two simulcast pilots and less than .1% 
coverage null probability with three sunulcast carriers., These simple estimates show that 
signal nulling is generally not a major concern from a coverage reliability standpoint, It 
is also important to note that in the 850 MHz band the signal wavelength is short enough 

30 that the specific phase cancellation that creates a deep null can be changed by moving the 
mobile receiver a mere 10 cm, Thus, it is unlikely that a mobile receiver will stay in a 
deep null for very long.. 
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From the system- timing standpoint, simulcast foiwaid link packets will appeai as 
midtipath elements to titie mobile receiver. If Ihe total time delay between the fiist and 
last received simulcast signal exceeds the delay spread tolerance of the system signal, 
degradation will occiii , A simple estimate fox system delay spread tolerance would be to 
limit all signals within 10 dB of the main signal path to 10% of the transmit symbol 
duiation, Foi the iDEN waveform, this translates to captuiing all signals within 10 dB of 
liie main signal within 25 fiSec Since true simulcast pilots will often be received as 
strong or possibly stronger than the signal of interest (an imlikely scenaiio for normal 
multipath systems), a conseivative estimate would limit total excess time delay between 
ast and last significant signal to 15 jiSec. Allocating 5 ^tSec to time-of-flight variations 
still allows for 1 mile of excess time of flight between the seiving ladio unit and all other 
significant radio units. Even in a line-of-sight netwoik, the radio units located a mile 
jSrom the seiving radio unit would not have enough energy to result in signal degradation. 
Thus, in this embodiment, 5 jiSec appears to be a cons©:vative excess time of flight 
allowance This still leaves lOjiSec of "delay spread" budget for base to-base frame 
timing vaiiations. 

FIGURES 5-9 illusbafce diflfcient embodiments of simulcast systems in 
accordance with liie piesent invention. In the embodiment of FIGURES 5-6, the layet 2 
processmg (1.2) is peifoimed on the netwoik chassis unit NCU and the layer 1 processing 
(LI) is peifomied on the airliok chassis unit ACU, In the embodiment of FIGURES 7-8, 
all the outbound processing and L2 aie perfonned on the network chassis unit NCU and 
inbound LI aie peifoimed on the aiilink chassis unit ACU., In the embodiment of 
FIGURE 9, all tiie processing is done on the network chassis unit NCU . 

To implement the simulcast system of the piesent invention, the geneiation of 
protocol data units PDU can be done at a single central location and, by using a multicast 
address, can distribute tiie protocol data unit to all aiilink piocessing cards APC 
simultaneously. One solution is to have the associated contiol procedure ACP, 
random-access procedme RAP, and voice channel procedure VCP tasks operating on an 
aiilink processing card APC ui the netwoik chassis unit NCU, thus becoming a network 
processing c^dNPC. There will be one network processing caidNPC for each sector,. 
Although tiiefe is no sepaiate task for a voice channel procedure VCP, the voice channel 
procedure VCP processing is done as pait of the slot request, which still needs to be 
centralized, 
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In the embodiment of FIGXJRE5, all of the upper L2 processing (CPU, 
landom -access procedui«> associated control procedure, voice channel procedure) is 
located on the network chassis trait NCU in one or more network processing cards NPC . 
LI and lower L2 (FEC, MAC) processing is located on fee aiilink chassis unit ACU in 

5 one or more aiilink processing cards APC. Outbound protocol data units PDU are 
simulcast fiom network processing cards NPC to all the aiilink chassis imit(s) ACU, 
where IQ-packets are generated and simulcast to all the r adio units RFU connected to the 
aiilink chassis unit(s) ACU, In the inbound direction, every aiilink chassis unit ACU 
receives IQ-packets from radio imit(s) RPU and selects the best packet for processing If 

10 a valid message is decoded, it is foi warded to network chassis unit NCU where the final 
selection between packets received from several airlink chassis units ACU is made* 

One of the advantages of the embodiment of FIGUEE 5 is that, because of short 
and less frequent L2 protocol data units, itcto is little traffic between network chassis unit 
NCU and airlink chassis unit ACU In addition, the centralized L2, widch uses time 

15 stamps (slot numbers) in inbound and outbound messages, guairatees synchronization 
between aiilink chassis units ACU. Furthermore, all the detected inbound 12 protocol 
data units are forwarded to fee network processing card NPC, which means that no 
mobility management is needed to locate fee Mobile Station m the system., Finally, wife 
regard to conveiting a non-simulcast system, no changes are needed to fee CPU and 

20 digital signal processor piocessing modules, and only minor changes are needed to the 
interfaces between digital signal processor and CPU,. In addition, fee reliability of fee 
system may be further improved by improving fee reliability of fee link between network 
chassis unit NCU and fee aulink chassis unit(s)ACU to guarantee feat critical 
information maintained by fee network chassis unit NCU (like channel setup tables) can 

25 be reliably transmitted to every airlink chassis unit ACU. 

FIGURE 6 is a diagram illusttating the functional tasks for fee embodiment of 
FIGURE 5, and is somewhat similar' to FIGURE 2 hi this embodiment, fee message 
queue MQ interface between fee digital signal processor ReaderWriter task and fee 
message router' MR is i eplaced vrife fee network interf acej, which includes fee local area 

30 network LAN accessed from eifeer side by fee components TNETTASK, In one 
embodunent of this mefeod, slot requests ate generated by a 15 mSec clock interrupt on 
fee network proc^sing car d NPC and sent to fee message router' MR directly . The 
generated protocol data unit PDU is feen sent to all fee airlink processing cards APC for a 
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paiticulai sectoi via the netwoik, using a mtdticast address, Inbomd protocol data raits 
PDU are also received via the netwoik . 

The embodiment of FIGURES 5 and 6 locaKzes heavy IQ-packet traffic to the 
link between the aiilink chassis unit ACU and the radio units RFU, and keeps L2 
5 interfaces symmetrical and simple, Even if the CPU and digital signal processoi(s) are 
sepaiated to network chassis unit NCU and aiiUnk chassis unit ACU, the messaging 
delays ate generally acceptable. Collecting protocol data units PDU to/fi'om several radio 
blades RB together and sending them all at once in one message can reduce the number 
of messages consideiably., In one embodiment, there is a 15 mSec time slot allocated for 
10 the messaging delays between CPU and digital signal processor, which is generally 
sufficient.. The reliability of ihe system is impiwed by improving the reliability of the 
link between netwoik chassis unit NCU and aiilink chassis units ACU.. Ihe ai chitectuie 
has less tiaffic than ceitain olher embodiments, which makes it possible to develop 
leliable protocols between the netwoik chassis unit NCU and aiiUnk chassis unit ACU., 
15 In the embodiment of FIGURE 7, aU of the outbound L2 and LI pit)cessing is 

located on the netwoik chassis unit NCU in one or more netwoik processing cai<k NPC. 
Outbound IQ-packets aie simulcast from netwoik processing cards NPC to all the radio 
units RFU.. Inbound uppei L2 (CPU) is located on the netwoik chassis unit NCU in one 
or more netwoik piwessing cards NPC. Lower L2 and LI processing (digital signal 
20 processor) is located on the aiilink chassis unit ACU in one or more airUnk processmg 
caids APC. hi the inbound direction, eveiy aiilink chassis unit ACU leceives IQ-packets 
fiom radio units RPU and selects the best packet for processing,. If a valid message is 
decoded it is forwarded to the netwoik chassis unit NCU wheie the final selection 
between packets received fiom several ahlink chassis units ACU is made 
25 One of the advantages of the embodiment of FIGURE 7 is that the centralized 

outbound L2/L1 processing guarantees synchionization between the radio blades RB.. In 
addition, centralized mbound uppet L2 processing means that no mobility management is 
needed to locate the Mobile Station in the system,. Fuitheimore, if a system clock is 
available on the netwoik chassis unit NCU, it can process outbound slots in advance and 
30 system delays can be made smaller (less buffermg is needed to compensate for vaiiations 
in inbound delays) . In addition, the reliability of the system may be finlhei improved by 
adding a reliable link between netwo± chassis unit NCU and airlmk chassis unitCs) ACU 
to guarantee that ciitical infoimation maintained by the network chassis unit NCU (like 
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channel setup tables) can be reliably tiansmitted to every airlink chassis unit ACU 
(needed in inbound lowei L2 and LI piocessing) 

One reason that title embodiment of FIGURE 5 is sometimes more desir able than 
the embodiment of FIGURE 7 is that, in the embodiment of FIGURE 5, m the outbound 
direction there is less tiaffic &om the netwoik chassis unit NCU to aiilmk chassis unit(s) 
ACU. In addition, because inbound and outbound processing aie not symmetical in the 
embodunent of FIGURE 7, fuither modijBcations to the inteif aces between the digital 
signal processor and CPU may be needed for certain embodiments . 

FIGURES is a diagram similar to FIGURES 2 and 6 and iUustiating the 
functional tasks for the embodiment of FIGURE 7 In accordance with this method, law 
I/Q sample packets are simulcast to all radio blades RB dhectly fiom the network 
processing cardNPC and do not need to go through the extra network tasks Inbound 
message piocessing is similar to that of FIGURE 6., The basic premise for the method of 
F IGURE 8 is that, by eliminating the need to tr ansfer the data to another board thr ough 
the network, this will reduce the delay time for transmission of outbound protocol data 
units PDU Also, since the outbound data is simulcast, the overall netwoik traffic will be 
acceptable. 

The embodiment of FIGURES 7 and 8 is particularly advantageous in a system 
whei^ delays can be minimized To improve the architecture, the netwoik ctossis unit 
NCU/netwodc processing card NPC can be provided with access to a system clock and a 
copy of slot and fiame counters, such that slot requests from airlink chassis unit ACU to 

network chassis unit NCU ar e generally not needed,. 

In the embodiment of FIGURE 9, all of the L2 and LI processmg is located on the 
network chassis unit NCU in one or more network processing cards NPC. Outbound 
IQ-packets are simulcasted from netwoik processing cards NPC to all of the radio 
blades RB and inbound IQ -packets ar e tiansmitted &om every i adio blade RB back to the 
network processmg car ds NPC, where the digital signal processors make the final 
selection between the packets . 

One of the advantages of the embodiment of FIGURE 9 is that the centralized 
L2yLl piocessing provides a greater likelihood of synchronization between the radio 
blades RB . In addition, because aU of the IQ-packets are forwarded to the network 
processing cardNPC, no mobility management is required to locate a mobile unit in the 
system. In comparing the embodiment of FIGURE 9 to those of FIGURES 5-8, m the 
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embodiment of FIGURE 9 liieie is a relatively substantial amount of traffic between the 
network chassis unit NCU and the aiilink chassis unit ACU in that evejy ladio blade RB 
transmits and receives an IQ packet once every time peiiod, which in one embodiment is 
eveiy 7 5niSec,. In addition, in the embodiment of FIGURE 9, the digital signal 
processor has to possibly be able to store tens of IQ-packets for the selection process, 
which may be limitmg because of the limited data memoiy on the digital signal 
processor., Thus, m some cases, the embodhnents of FIGURES 5-8 may be preferable 
over the embodiment of FIGURE 9 . 

The piimaiy difference between the method of FIGURES 5 and 6 and the method 
of FIGURES 7 and 8 is that in the method of FIGURES 5 and 6, protocol data units PDU 
ai« generated at the network processing catdNPC and sent to the aklmk processing 
card ARC. The digital signal processors on the aiilink processing card APC then convert 
these protocol data units PDU to law VQ samples to send to the radio blades RB . In the 
method of FIGURES 7 and 8, the digital signal processors on the network processmg 
card NPC convert the protocol data units PDU to mw I/Q samples and ai^ then sent to the 
radio blades RB directly from the network processing card NPC, thus bypassmg the 
aiilink processing card APC. 

Timing is an important aspect of the simulcast method of the present invention. 
In one embodiment, the voice specification allows approximately 14mSec to process a 
slot request and respond with the protocol data unit PDU data for outbound requests,. For 
the inbound protocol data units PDU, one significant requirement is that the data is 
removed fiom the digital signal processor before the next protocol data unit PDU arrives 
15 mSec later.. There are two additional differences of the methods of FIGURES 5-8 
when compared to a non-simulcast system.. One is a need to reduce the overall voice 
packet delay time, and the other is tiie packet data requhement 

It is deshable to reduce the amount of voice delay in the system , For example, in 
a system where data transfers operate on the 15mSec (Slot Request) and 
15 mSec + 7.5 mSec (half-slot) timing reference, a delay decrease of at least 7 .5 mSec is 
of particular- value.. Two areas are noted in which delay reduction may occur., For the 
first area of possible delay reduction, in one embodiment, the outbound timing allows for 
a 14 mSec packet delay between the time when a slot request is made at the digital signal 
processor- and when the data has to be delivered to the digital signal processor.. This can 
be reduced to a 7 ,5 mSec delay. For the second ai-ea of possible delay reduction, hi an 
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embodiment where the digital signal procfessor initially uses 15 mSec foi SRC filtering, it 
may be possible to reduce this time to 7 5 mSec. 

For a simulcast system, a slot request boundaiy may represent the time at which 
all outbound packets must have airived at the network pi'ocessing caidNPC for 
processing in the next slot, hi one embodiment, 7.5 mSec is allocated for piocessing the 
outbound protocol data units^ deliveiing them to the airlink processing card APC, and 
writing the protocol data units PDU into the digital signal processor, 

The voice packets that aiiive fiom the integiated site controller ISC are also 
synchronized to the same slot boundaries and as such will arrive at a faiily consistent 
time relative to the slot lequest boundaiies. To take advantage of the minimum amount 
of delay that the outbound voice channel procedure message needs to wait before this slot 
request, JITA Procedmes maybe implemented,. 

Packet data has additional requii ements to that of voice, For voice processing, the 
outbound data is not dependent upon the inbound data, and can essentially operate as two 
independent processes . fox packet data FRAP messages, the outbound data is dependent 
upon the inbound data and, as such, it generally does not send its outbound data until it 
has received and pr ocessed the inbound data 

The inbound t iming may be the same fox the method of FIGURES 5 and 6 and the 
method of FIGUHES 7 and 8., The inbound timing is more complex because, dependmg 
upon the type of message (random -access pi-ocedure RAP, associated control 
procedure ACP, etc ), the digital signal processor processing may take a variable amount 
of time Also, the delivery of the data to the airlink pi-ocessmg card APC is dependent 
upon when the IQ packet arrives at the digital signal processor. Any amount of timmg 
variation on the input results in a timing variation when the data is delivered to the airlink 
processing card APC 

To reduce the amount of network messages being sent to the network pr ocessing 
caidNPC, the protocol data unit PDU is generally not sent to the network processing 
card NPC as soon as it arrives at the ahlink processing card APC. Lastead, it is bundled 
and sent at particular intervals. Protocol data unit PDU bundling is described in more 
detail below- 

Because the FRAP messages are generally sent as soon as possible and other 
messages may not be available for up to 7 mSec later, a protocol data unit PDU bundle 
may be sent fiom the air link processing card APC to the network processing card NPC at 
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eveiy 7.5 mSec inteival. Any protocol data units that are available in the fiist 7 .5 mSec 
(paiticulaily FRAP protocol data units) can be sent at the half-slot boundaiy and any 
pi'otocol data units available in the second 7.5 mSec can be sent at the slot boundaiy, 

Although in some embodiments a delay of up to 40 mSec may occur, this is 
5 geneially a lai e worst case,, Almost all messages^ with the exception of associated control 
channel ACC and packet data, will be available in the &st half slot . Also, the thne to 
transfer fiom the airlink processing caidAPC to netwoik processmg cai'dNPC and 
process may typically be ai ound 1 mSec, 

In one embodiment, there may be up to seven radio blades RB operating at any 

10 given time^ six dedicated to voice and one dedicated to packet data, Since some tasks 
require the use of UDPy it is possible that netwoik activity by a piocess can delay the 
tiansmission/ieception of critical packets from a critical activity and, as such, needs to be 
considered as a potential for delay, One problem with estimating the execution time is 
that a mmibei of events may occur randomly and asynchronously. The slot inquests and 

15 inbound data occur on every 15 mSec boundary, but many other events may sometimes 
be considered as random occurimces that can occur at any time and together. For 
example, during a 15 mSec interval, a voice packet can anive from the integrated site 
controller ISC, a voice packet can be sent to the integrated site controller ISC, a dedicated 
control channel DCC packet can arrive from the integr ated site controller ISC, and a 

20 handover message can be sent to the integrated site controller ISC 

To reduce randomness, slot requests can be processed on the start of every 
15 mSec-slot lequest boundary and data tiansf^s fiom the digital signal processor can be 
made to occur on every 15 mSec slot and half- slot boundaiy . Handover messages can 
also be tEansfeiied with eveiy half-slot packet flora the digital signal piocessoi. The 

25 result is that most random events will be certain asynchronous and pseudo -events , This 
distribution has the effect of processing the outbound data in one half-slot period and 
processing inbound data in the second half-slot period with the exception of the 
occasional associated control channel ACC messages. This method can also be used for 
the timing specification f bi packet data 

30 To implement the timing for the method of FIGURES 5 and 6, in one embodiment 

the slot requests will not be generated by the digital signal processor; r ather, they will be 
generated from a ISmSec clock on the network processing cardNPC that is 
synchr onized to the integrated site controller ISC. This means there will be no read from 



-18" 



wo 03/073668 



PCT/US03/05884 



the digital signal processor for slot requests,. In one embodiment, it is assumed that to 
send a packet of data requires 50 p.Sec and to receive a packet of data requires 120 M-Sec. 
To make more efBcient use of flie messaging, packet bundling is utilized, as will be 
described in moi e detail below . 
5 In summaiy, in packet bundling, the packets foi all radio blades RB will be 

combined and sent as one to the aixlink processing card APC . Hie resuh is only one call 
to a function muxSend (for sending packets) and one call to a Filter Function (fbi 
receiving data),. This applies to both the netwoik piocessmg caidNPC and aiilmk 
processing card APC, for both directions Only messages sent to/j& om the integrated site 
10 controller ISC are sent individually This means there will only be one network send and 
receive for all seven radio blades RB and not seven individual send/receives The 
netwoik processing cardNPC execution times aie geneially considered to be a limiting 
factoi . Because of the extra time to go through the network, the total execution time to 
complete inbound and outbound events increases. However, some of this processing is 
15 done on the airlink processing card APC and some is done on the network processing 
cardNPC. Since the network processing caidNPC has to process the additional 
asynchronous events, its execution time is hnpoitant for finishing within the 1.5 mSec 
window. Handover messages are generally combined with the inbound data. 

For the method of FIGURES 7 and 8, in one embodimerri, the I/Q samples are 
20 sent to all radio blades RB directly from the network piocessmg cardNPC usmg a 
multicast address on the Ethernet packets. The inbound processing and delays may 
generally be similar to those of FIGURES 5 and 6, Two important aspects for the method 
of FIGURES 7 and 8 are the netwoik processing card NPC execution times and the effect 
of extra data on the netwoik between the network processing caidNPC and the airlink 
25 processing card APC. 

To implement the timing for the method of FIGURES 7 and 8, in one embodiment 
the slot i-equests will not be generated by the digital signal processor; rather, they will be 
generated from a 15 mSec clock on the netwoik processing caidNPC synchronized to the 
mtegrated site controller ISC. This means there will be no read flom digital signal 
30 processor for' slot requests. In one embodiment, it is assumed that to send a packet of 
data requires 50 (xSec and to receive a packet of data requires 120 |i.Sec . Only the 
inbound data has the extra send/receive,. To make more efficient use of the messaging, 
packet bundling is utilized on the inbound direction, as will be described in more detail 
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below. In one embodiment, mbound processing is disbibuted between the aiilink 
processing cards APC and the network processing cards NPC. Becai^e of the extra, time 
to go tb'ough the netwoik, the total execution time to complete inbound evente increases . 
Since some of this processing is done on the airlink processing cards APC and some is 
done on the network processing cai'dsNPC, the resulting network processmg caidNPC 
maigins should only reflect the processing done on the netwoik processmg caidNPC. 
Handovei messages aie generally combiued with the inbound data. 

In one embodiment of Ac methods of FIGURES 5-8, ail of the radio blades RB 
aie synch'onized with each othei to within lOjiSec. All radio blades RB will be 
provided with a 1 pps timing signal fiom the integrated site controller ISC , The 1 pps 
timing signal is also lefened to as a 1 pps event Further, one or mor e radio blades RB 
will be provided with a slot and fiame number, which will be distributed over the 
Ethernet to the ladio blades RB as an Ethernet SYNC message.. All of the radio 
blades RB which receive an Ethernet SYNC message will set their slot and frame 
counters to the values provided ia the Elhemet SYNC message at the next 1 pps event. 
This indicates that the 1 pps events, oi tiniing signals, should be distributed to all radio 
blades RB within 10 ^iSec of each other., Generation of the Etiiernet SYNC message will 
be done at the network chassis unit NCU eiflier by a component FPGA or by the CPU. 
The Ethernet SYNC message may Ihen be broadcast to all radio blades RB using a 
multicast address Alternatively, all the radio blades RB may be synchronized in a 
selective manner by sendmg an Eftiernet SYNC message to one pr more radio blades 
immediately before one particular 1 pps event and by later sending another' Ethernet 
SYNC niessage to one or more other radio blades. The slot and fiame numbers contained 
in any Ethernet SYNC message must correspond to the curr ent tunning count of slot and 
frame numbers so that any radio blade may be individually synchronized with the rest of 
the system,. 

In one embodiment, the NCU and each ACU ar e preferably provided with a time 
base, which iucludes a running slot and fiame count. Synchr onization of the NCU time 
base will take place accordir^ to the following procedures.. If the network processing 
card NPC is not synchronized, it will wait for the reception of a Ethernet SYNC message 
containing the slot and frame adjust message. The network processing card NPC ISR 
will respond to a periodic interixipt every 15 mS and read a register on the component 
FPGA . When the 1 pps bit on the component FPGA becomes set (will only be set for an 
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interrupt, which corresponds to a 1 pps event), the network piocesshig card NPC will start 
using the slot number fiom the slot adjust message as the new slot number . The slot 
number will be incremented at every 15 mS inteimpt Synchronization of the ACU time 
base takes place using a procedure, which is substantially identical to that used fbi 

5 synchi'onization of the NCU. 

In the non- simulcast system, the radio blades RB send an inbound I/Q packet with 
a slot numbei' to the digital signal processor'. The digital signal processor then sends this 
slot numbei to the aiilink processuig card APC as part of the slot request. The ahlink 
processing cardAPC will then respond with a protocol data unit based on the slot 

10 number,. For the methods of FIGURES 5-8, the amount of thne delay mtioduced by 
sending a slot request fiom the aiilink processing cardAPC to the network processing 
card NPC would geneiaUy be greater than a desired time delay., That, combined with the 
network delays, would result in a considerably varying slot request message at the 
network chassis unit NCU, The solution is that the slot request will be generated by the 

15 synchix)mzed 15 mSec clock on the netwoik chassis unit NCU and not by the digital 
signal pr ocessor. The remaining issue is that the network processing car d NPC needs to 
know which slot to proems as part of the slot request, The method by which the network 
processing card NPC becomes synchronized with the proper slot number is to have the 
network procrasing card NPC send a PWM signal fiom the component FPGA on the 

20 LAN interface caid LC to a component FPGA on the network processing card NPC This 
PWM signal will contain the ISmSec (possibly 7.5mSec) clock information and the 
1 pps information 

One pr oblem with one embodiment of the non-sunulcast system is that, when a 
channel setup comes in fiom the integrated site controller ISC, the Tx and Rx digital 

25 signal processor cores get updated with this new channel setup table simultaneously . 
Outbound slot processing is delayed firom the inbound slot processing by a couple of 
slots., This means the outbound slot processing has a table that is not yet up to date, for 
voice, this is generally not a problem because there is enough of a delay between when 
the channel is set up and actually used , For packet data, this is no longer the case because 

30 of the tighter coupling between the inbound and the outbound protocol data units PDU., 
One solution would be to have the digital signal processor store a history of channel 
tables but, due to space lunitations, this may not be an option. Another solutiori is to send 
a new channel table with every set of slot i-equest protocol data units. This has several 
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besnefits; one is that it keeps flie channel table synchronized and 15) to date with the slot 
requests The second is that it eliminates a network sead call dtning the channel setup 
request on the network processing card NPC, thus reducing the costly channel setup tune,. 
As noted above, the methods of P IGURES 5-8 utilize a bundling technique so as 

5 to make more efficient use of the network Thus, m one embodunent, the protocol data 
units PDU for each of the radio blades RB at e generally combined and sent together as 
one Ethernet packet The result is only one muxSend foi sending the data and only one 
call to flie Filter Function for receiving data This bundling is done per radio unit RFU, 
which is processed by a single ahlink processing cardAPC, Protocol data unit PDU 

10 bundling can be employed for sending data fiom the network processing card NPC to the 
airlink processing card APC for outbound slot requests and fiom the airlink processing 
card APC to the networis: processing card NPC for inbound data indications., The protocol 
data unit bundling is handled by the message router MR on flie network processing 
card NPC and flie digital signal pr ocessor Reader task on the airlink processing 

15 card APC. 

The methods of FIGURES 5-8 rely on the network interface for protocol data 
unit PDU exchange, as weD as for sending either protocol data units PDU or Raw I/Q 
samples. In one embodiment, all network acfivity on an airlink processnig card APC 
goes through a Motorola FCC Ethernet Driver and is scheduled through the fNetTask. 

20 For each packet received and transmitted, a "job" is scheduled m the iNetTask, When the 
tune Gomes for that job to be executed, the data is then sent to the driver for transmission 
or reception. All sent data to/fiom the airlink processing card APC will be made fiom a 
call to muxSend Since the entire network stack operates under the same tNetTask, any 
TCP/IP activity will also need to be scheduled with this protocol data unit PDU activity 

25 and, as a result, the protocol data unit PDU packet feansmission/reception may become 
delayed longer than expected because it needs to wait for the TCP/IP packet processmg, 
In one embodiment, for aU synchronous and asynchronous activity, the maximum 
potential delay for a single conflict would be 120 uSec on a packet reception and 
170 uSec for an ICMR activity fiom the pseudocritical task. The network processmg 

30 card NPC margins are large enough to accommodate these delays. 

Because the protocol data unit PDU transmission takes place over a distributed 
network, one consideration is to provide a reliable link. To generate a reliable link, 
packet loss or link feilure is detected and retransmission on a packet failure is provided, 
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TTxe switch configuiation for tiie systems of FIGURES 5 ■ 8 is set up such that the 
0x1 1 80 packets fiom the radio blades RB aie not transmitted on the inteiface between the 
aiilink chassis unit and the network chassis unit. In the outbound diiection, all protocol 
data unit PDU bundled Ethernet packets have a multicast address associated with them. 
5 In the inbound direction, all protocol data unit bundled Ethernet packets have a unicast 
addiess associated with them., 

A message format and type aie provided for the ahlink processing cards APC and 
network processing caids NPC that represent tibe accumulation of multiple protocol data 
units PDU (Bundle) destined for each airhnk processing card APC. The code for the 
10 aiilink processmg card APC and network processing catdNPC is implemented such that 
the same messages anive at the appropriate message queues. The sour ce of the message 
sent to the message queue is different from a non-shnulcast system, as the Ethernet 
routmes use a multicast address mstead of a unicast address . The message router MR 
task accumulates the protocol data units fiom each sector,. Once every protocol data 
15 unit PDU is received, a single protocol data unit PDU is selected based on the RSSI 
metrics,. It is this protocol data unit PDU that is sent on to the appi opiiate task. 

The digital signal processors perform the inbound message filtermg., lo do this, 
the digital signal processors are informed of the addition or removal of a radio blade RB 
that Ihey will need to process.. This generally requires a flag or bit field in a message that 
20 is peiiodically sent to the digital signal processor .. 

In contrast to the non-simulcast system, for the methods of FIGURES 5-8, the 
digital signal processois do not generate tibie slot requests at the ISmSec slot request 
boundary. Howevei, by providing this intenupt, the system can keep a check on what 
slot number the digital signal processoi is processing and what slot number the system 
25 thi TiV s it should be processing, thus aleiting of an eiroi under these conditions . 

The digital signal processor also sends an RSSI metric set with every mbound 
message. This is a deshed ciiteiion for inbound message selection at the network chassis 
unitNCU.. To shnplify the inteiface, the digital signal processoi sends an inbound 
message wifli RSSI metric at every slot mterval, but only sets the valid sync flag for vahd 
30 protocol data units, This allows the inteifece to always be sending the exact type of 
mfoimation each tkne without having to compensate for variable-length messages . 

For the methods of FIGURES 5"8j in general, the network management includes 
the association of a netwoik processing card NPC with a group of ahlink processmg 
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cards APC and radio unit RFUs relating to a paiticulai sector,. This includes properly 
assigning multicast addiesses to the appropriate sectoi . The code bases for the aiilink 
processing card APC and netwoik processing card NPC may be identicalj but each is able 
to recognize itself to allow paiticulai tasks to be staited, The netwoik management is 
also responsible foi informing the appiopiiate netwoik processing card NPC and aiilink 
piocessing caid APC of additional radio blades RB. 

For the method of FIGURES 5-6, the code to support the digital signal processor 
Reader and Writer accumulates the protocol data units PDU from each digital signal 
processor and then perfoims a muxSend instead of an msgQSend for tiansmitting the 
pr otocol data units PDU.. For receiving, the digital signal processoi Wiitei WT receives a 
message fix>m the Filter Function, instead of from the message router task MR, as is done 
m the non-simulcast system,. In fuithei conipatison to the non-simulcast system, in the 
method of FIGURES 5 -6, the message router task MR sends through a muxSend instead 
of a msgQSend. The received data continues to aiiive via the message queue fit>m the 
Filtei Function,. The netwoik management is generally aware of digital signal processors 
only on the aiilink piocessing card APC and geneially not on the netwoik processing 
caidNPC, 

Foi the method of FIGURES 7 -8, the code to suppoit the digital signal processor 
Reader accumulates protocol data units PDU from each digital signal processor and then 
peifoims a muxSend, instead of a msgQSend, for tiansmitting the piotocol data 
units PDU to the netwoik processing card NPC, as is done in the non-simulcast 
embodiment ITie digital signal processor wiiter WT is similar in both cases . Also, the 
digital signal processor loads aie set up to support a single inbound and a single outbound 
processing foi each coie. This embodiment may lequiie two outbound loads on the 
network processing caidWC and two inbound loads on the aiilink processing caid APC, 
resultmg in a diffeient configuiation for the aiilink processing caids APC versus the 
netwoik processing cardNPCs,. The network management is geneially awaie of 
outbound digital signal piocessors on the netwoik processing car d NPC and inbound 
digital signal piocessors on the airlink processing card APC for setup and configuration. 

For the embodunents of FIGURES 5 -8, the paxdcet data operates on an 
independent netwoik piocessing card NPC fr om the voice processing. The netwoik 
processing card NPC provides a 15 mSec inteiiupt to the mici opiocessor PROG that is 
synchronized to the hitegiated site controller ISC 1 pps clock. The network piocessing 
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caid NPC may also suppoit the readily of 'the slot number that is associated with this slot 
request, 

For the embodiments of FIGURES 5-8, the inbotind packet selection is the 
method by which the inbound messages fiom the radio units RFU and aiilink chassis 

5 units ACU aie combined into one message representing that sector to send to the 
integrated site controller ISC, Multiple aiihnk chassis units ACU and multiple ladio units 
RFU can be distibuted throughout a sector, For multiple radio units RFU, the digital 
signal processor is responsible for selecting the appropriate inbound packet. The result is 
a single inbound message from each aiilink chassis unit ACU representing a particular 

10 sector 

For multiple aurlink chassis units ACU, the network processing card NPC receives 
an inbound message from each aiilink processmg caixi APC representing a particular time 
slot and sector. This inbound message occurs at every half-slot boundary regardless 
whether- there is an actual message to deliver and is possible at a slot request boundary for 

15 the associated control channel ACC type messages . Appended to each inbound message 
are the channel quality measurement values for that particular slot, This channel quality 
metric includes RSSI, H-N and sync errors., The sync error flag is used to first compare 
the time slots, and any message with an invalid sync is ignored. The RSSI and I+N value 
is then used to compute tiie SQE for that particular slot from each aiilink chassis 

20 unit ACU The aiilmk chassis unit ACU with the largest SQE has its mbound message 
selected as the appropriate message to pr-ocess and send onto the integrated site 
controller ISC , In addition to selectmg the inbound message, the selected channel quality 
set is also the set used for that particular' time slot to form the handover message . In one 
embodiment, this metric set is sent to the network chassis unit's new base radio 

25 management BRM entity where it accumulates 24 sets of measur ements and tiien sends 
out as a handover measurement report, 

Based on the network processmg cai'dNPC execution times, the method of 
FIGURES 5-6 when compared to the method of FIGURES 7 -8, in some embodiments 
provides a more efficient process by offloading the time-consuming digital signal 

30 processor writing to another pixDcessor ,. AJthou^, in one embodhnent the total cycle time 
is longer for the method of FIGURES 5-6 by 170 iJ-Sec, the potential for delays is reduced 
by not having to compete with the CPU for so many other things.. The efficiency of the 
method of FIGURES 5-6 is realized because it is sometimes muoh faster for the CPM 
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module of the network processus card NPC to send Ethernet protocol data units PDU to 
the aiilink processing card APC than it is for the netwoik pioceasing caidlsfPC CPU to 
wiite the protocol data unit PDU data into the components DSP,. 

In certain embodiments, both the method of FIGURES 5-6 and the method of 
5 FIGURES 7- 8 achieve a desiied 15 mSec overall processing delay . The software of the 
method of FIGURES 7-8 is slightly more complex because the separation of inbound and 
outbound aie processed on separate boaids. In addition, in ceitain embodiments, both the 
method of FIGURES 5-6 and the method of FIGURES 7 8 gain an additional 160 ^Sec in 
delay reduction ovei the non-simulcast system because the slot requests aie generated at 
. 0 the netwoik processing caid NPC and not fiom the digital signal processors 

The capacity of the methods and systems of FIGURES 5-8 can generally be 
improved by improvmg the time it takes to process a protocol data unit PDU for each 
ladio blade. Since the number of ladio blades RB multiplies this time m tenns of the 
overall processing time of the oveiall system, any time savings tr anslates into multiplied 
1 5 savings , In addition, the channel setups of the systen^ update the digital signal processor 
setup tables when the digital signal processor gets the setup request message. If this 
channel setup information is sent with the slot requests, then it elhninates a network send . 

For the methods of FIGURES 5-8, the messages that are sent between the aitlink 
processing card APC and digital signal processor are service access pomt SAP messages. 
20 Such messages generally work with the iDEN specifications. Hie protocol data units 
PDU are combined with additional information to make up the service access point SAP. 
It is the service access point SAP that is generated by the slot i^equest and written mto the 
digital signal processor , 

To implement the methods of FIGURES 5-8, a message is used specifically to 
25 represent the service access points SAP sent to the anlink processing cards APC and the 
service access points SAP sent to the network processing card NPC . The message 
represents the accumulation of service access points SAP for each radio unit RFU on a 
particular airlink processing card APC . Depending upon the configuration, in an 
embodiment with seven radio blades RB, there can be up to seven service access points 
30 SAP represented per mess^e, one for each radio blade RB. Each service access point 
SAP would be associated with a different base radio identification Brid. 

Radio blades RB or radio units RFU can be inserted dynamically into the systems 
of FIGURES 5-8; either at system startiq) or after the system has already been running.. 
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Setting up and managing the staiting and stopping of ladio blades RB is handled by the 
iRBS and iRBC tasks lunning on an interface cardlC and a LAN interface card LC, 
respectively Setting up and managing the base radio session BRS and aiiiink processing 
card APC channel setup tables is managed by the base radio srasion BRS on the IAN 
interface caid LC and the channel setup CS task on the network processing cardNPC. 
Several different startup scenarios may occur, each of wbich may require a slightly 
different action on the part of the system. Ihese scenarios are all based on staiting 
multiple radio unit RPUs on multiple aiilink chassis units ACU for the same carrier , Four 
scenarios are discussed in more detail below, I3ie &st three of which are illusbated in 
FIGURE 10,, 

As illustrated in FIGURE 10, for a first scenario, a first radio unit RFU is started 
in a first airlink chassis unit ACU, v*ich is designated as ACU #1 in FIGURE 10, This 
is the case of the veiy first radio blade RB, v*ich is designated as RB #1 in FIGURE 10,. 
M this case a base radio BR session will need to be started with the integrated site 
controller ISC, the network processing catdNPC channel setup CS will need to be 
informed of the channel tables, and the aiilink processing card APC will need to be setup 
for the first time with the channel tables . In the embodunent of FIGURE 10, all of the 
radio blades RB are on the same carrier and are assigned to the same base radio BR and 
the same sector., 

As fiathei illustiated in FIGURE 10, for a second scenario, a second radio unit 
RFU is started on the fir st aiilink chassis unit ACU. In this case, only tiie aiilink 
processing card APC needs to be infoimed that another radio blade RB (designated as 
RB #2 in FIGURE 10) is present. The aiilink processmg card APC will set up the digital 
signal processor so that it is aware of another radio unit RFU to process. In this 
25 embodiment, neither the base radio session BRS nor the network processing caidNPC 
channel setup CS Task generally needs to be made awaie of this. In this scenario, the 
base radio BR has not been unlocked yet 

As fiirther illustrated in FIGURE 1 0, for a third scenario, the first radio unit RFU 
on the second airlink chassis unit is started after the base radio BR is unlocked In this 
30 case, the network processing card NPC channel manager CM needs to set up the channel 
tables on the new aiilink processing card APC, 

For a fourth scenario (not shown), the second radio unit RFU is started on an 
airlink chassis unit ACU tiiat is aheady operational., tot this case, only the digital signal 
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processor needs to be infoimed that it has another radio blade RB to process. La this case, 
the digital signal processor needs to make a decision as to which inboimd I/Q packet to 
accept 

The message jSom the iRBS task to add an additional radio blade RB can come at 

5 any time, In one embodiment, if the base radio session BRS is still locked, then the 
channel setup CS will generally have to wait until it receives a message UNLOCK triggei 
fiom the base radio session BRS before setting up 1he airlink processing caid APC , Once 
the base radio BR is in the xinlocked state, all additional radio blades RB will be handled 
by the channel setup CS on the network processing card NPC, 

10 It should be noted that, m the embodunent described above, there could be up to 

seven radio blades RB per radio unit RFU, but each radio blade RB in a radio unit RFU is 
associated with a different base radio sesaon BRS., While FIGURE 10 is illustrated for a 
single base radio session BRS, it will be understood that aU others will follow the same 
sequence independently. The actional radio unit RFU on a single aiilink chassis 

15 unitACU in FIGUIUE 10 represents the addition of the next radio blade RB that is 
aKociated with an aheady initialized base radio BR. In this unplementation, it is 
assumed that, as long as at least one r adio blEuie RB is operational, the base radio BR will 
be considered operational It should also he noted that, in this embodiment, the radio 
blade RB synchionization does not generally t^e place until aiiiink chassis unit ACU 

20 and network chassis unit NCU synchronization has taken place,. 

One difference between the model of FIGURE 10 and the non-simulcast system is 
the addition of the radio blade RB Add messages fiom the iRBS task. The channel setup 
CS task determines if it is the first radio unit RFU , If it is, then it sets up the channel 
tables on the new airlink processing card APC. If it is the second radio unit RFU on the 

25 fust airlmk processing card APC, then it informs the digital signal processor of the 
additional radio blade RB to process. Ihe GPS Slot/Sync procedur e is also different, as 
will be discussed in more detail below. 

Upon power-up, the netwodc processuig card NPC determines that it is a network 
processmg card NPC by reading a hardware register . In one embodunent, once the 

30 network processmg card NPC has determined that it is a network processing card NPC, 
all tasks except Ihe Dsp Reader RT (RFN._DSPR_TASK), Dsp Writer WT 
(RFN_DSPW_TASK), and message router MR (RFN._DSPX_TASK) tasiks are started,, 
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Upon powei-up, the aixlink p]:x)cessmg card APC ddranines that it is an aiilink 
processing caid APC by reading a hardweire register . Once it hse deteimined that it is an 
airiink processing card APC, all tasks except the random-access procedure RAP, 
associated control proceduie ACP, inboimd message task INTASK, outbound message 

5 task OUTT ASK, message routei MR, and all packet data related tasks vdll be staited,, 

In addition to the normal staitup sequence, in one embodiment, the interface 
card IC also makes suie the aiilink chassis unit ACU is synchionized vdth the netwoik 
chassis unit NCU before allowing the radio blades RB to become initialized,. The Timing 
component FPGA on the inteiface card IC handshakes with the LAN interface card LC to 

10 synchronize it^lf In one embodiment, the CPU on the inteiface cardIC peiiodically 
checks the status of the Timing component FPGA and, when a sync lock is detected, it 
proceeds with the radio blade RB initialization. In this embodiment^ inbound messages 
are gener ally not seirt fiom the aiilink chassis unit ACU to the netwoik chassis unit NCU 
unless synchronization has been achieved. 

15 In the non-simulc^ system, the slot number on the ladio blades RB is set by the 

base radio session BRS. The sequence is staited by the base radio session BRS sending a 
GPS Slot/Fiame Request, and waiting for a GPS Slot/Fiame response with the slot 
number.. When the integrated site contiollei ISC sends a GPS slot/Jftame response 
message with the cmient slot number, the base radio session BRS sends an Ethernet 

20 message to the radio blade RB to set the slot number This method is acceptable ^en 
there is only one radio blade RB associated with one base radio BR. However-, since 
there aie multiple radio blades RB per base radio BR for the simulcast methods of 
FIGURES 5-8, the radio blade RB management task sends the message to the radio 
blade RB to set the slot number, 

25 FIGURE 11 is a diagr am illustrating the sequence of events that take place as part 

of the GPS Slot/Sync proceduie that is executed for each radio blade RB inseition. In 
FIGURE 1 1, all radio blades RB aie on the same caiiier and assigned to the same base 
radio BR and same sector.. As illustrated in FIGURE 11, upon entering the 
GPS Slot/Sync state, the base ladio session BRS sends the GPS Slot/Frame Sync 

30 message to the iRBS task.. This triggers the iRBS task to send a GPS Slot/Frame Request 
to the integrated site controllei ISC, and the integiated site controller ISC responds with 
the frame and slot number in the GSP Slot/Frame Response. If this is the first radio 
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blade, then the iRBS task waits foi this tigger fiom the base ladio session BRS so that it 
can maintain the propei" state. 

As additional radio blades RB aie initialized foi a paiticulai" base ladio BR, the 
iRBS task requests a slot/fiame numbei fiom the integrated site controller ISC, This 
GSP Slo1/Frame response is a multicast address and is sent to all base radio BRs in the 
system , Noimally under such circumstances, the Distiibutor task could route a message 
to each base radio session BRS^ but since tiie iRBS task is responsible foi all radio 
blades RB, in this embodiment, a single message to this task is utilized and considered to 
be sufficient, The Slot and Frame numbei is set in the component FPGA at the following 
1 pps following the Slot Timing Adjust message . 

For the methods of FIGURES 5-8, a channel setup taskCST running on the 
network pi'ocessing caidNPC is responsible for managing the channel tables for all 
aiilink processing cards APC in flie system. In the channel setup task CSI of the 
non-simulcast method, the method wiites information to the digital signal processor on 
reception of Logical Channel Assignments, channel setups CS, and base radio BR Unlock 
triggers.. Since, in the simulcast methods of FIGURES 5-8, the digital signal processors 
are not located on the network processing caid NPC, this infbimation needs to be sent to 
the aiilink processing caid APC for loading into the aiilink processing card APC. 

Refening to FIGURE 10, the 0x1106 messagmg is expanded to include 
messaging to/jftom the aiilink pr ocessing card APC for setting up this same information. 
The 0x1106 messaging is used for the Channel Assignments and base radio BR Unlock 
Triggers, which, in this embodiment, generally occur only once during initialization. Any 
channel setup CS Requests received fiom the integrated site controller ISC are generally 
sent to the airlink processing card APC as pait of the slot request bundle to reduce 
unnecessaiy net traffic. Upon reception of a channel setup request, the local (network 
processing cai'd NPC) channel table is updated to reflect the changes, 

Charmel setup tasks CST respond to a number of different types of messages. 
These wiU generally be 0x1106 messages between network processing card NPC and Ihe 
system LAN interfece cardLC and 0x1186 messages between aiilink processing 
cards APC and network processing cards NPC, One of these messages is a bigger to 
unlock the base radio BR, which is sent from the base radio session BRS to the network 
processing card NPC. Another message is for sending system parameters to the anlink 
processing card APC, which is sent from the network processing card NPC to the airlink 
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processing caid APC Anotihiei message is for confiimatioa on setting system paiameters, 
which is sent fiom the aiilink processing caid APC to the netwoik processmg caidNPC, 
Anothei message is confiraiation on "unlock, which is sent from the network piocessing 
cai'd NPC to the base radio session BRS , 

5 An additional message is the confiimation of the logical channel assignment, 

which is sent from the network processing caidNPC to the base radio session BRS.. 
Anothei message is the tiigger to lock the base radio BR on the network processing 
catdNPC, which is sent fiom the base radio session BRS to fibie network processmg 
car d NPC . Another message is the trigger to lock the base radio BR on the aii lirik 

1 0 processing card APC, which is sent from the network processing card NPC to the aiilink 
piocessiag card APC, Another message is for signaling the primary cfontrol channel 
setup, which is sent fr om the network piocessing card NPC to the aiilink processing 
car d APC . Another message is to confirm on the primary contiol channel setup, which is 
sent from the aiilink processing card APC to the network processing card NPC Another 

15 type of message is to iofoim of additional radio blades KB being ready, which is sent 
fiom the rRBS task to the netwoik processmg car d NPC, although it should be noted that 
this is not a 0x1106 message, but a message torn the iRBS tasking, indicating to the 
chamiel setup task CST that an additional radio blade RB is now ready . 

Refening to FIGURE 10, the channel setup task will set up the network 

20 processing caid NPC channel information from an unlock base radio BR message from 
the base ladio session BRS . If this is an initial aiilink processing card APC, it will set up 
the System Parameters on that paiticulai aiiimk jprocessing card APC. The Filter 
Function on the netwoik processing caidNPC is responsible for forwarding all 0x1106 
and 0x1 1 86 messages to the channel setup CS Task . On the airlink processing card APC, 

25 the Filter Function is responsible for foiwaidiug all 0x1186 messages to the message 
router task 

The channel setup CS Task is also responsible for pro\dding the proper channel 
table to be sent to the digital signal processor' after processing each slot request hi one 
embodunent, there generally needs to be a delay between what is sent to the Tx Core 
30 versus what is sent to tiie Rx Core,. This is because the Rx core is piocessing a different 
slot fix)m the Tx core at any given time,. To hnplement this, a circular channel table 
buffer is implemented^ as iUustrated ui FIGURE 12 , 
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Refeiiing to FIGURE 12, an example is provided in which the numheis in a ling 
buffer RBUF represent a different slot number A channel setup CS request would 
reconfiguie the channel table at a paiticulai slot number (e ,g,, #1) . In this example, table 
#9 would be the previous table that the Rx core is currently using and the #6 would be a 
delay of N (3 in the example) tables that the Tx core is currently using. By incrementing 
the buffer pointer at each slot request, tiie tables for the Rx and Tx core aie controlled . 

FIGURE 13 is a flow diagram of the message router task MR,, The message 
router task MR is responsible for interfacing between the network and the digital signal 
processor Reader and writer- taskWT on the airlink processing caidAPC This task 
responds primarily to three events. The first event is for a Slot Request Timer, which is 
an event in which every 7 .5 mSec a bundle is seat to the network processing caidNPC. 
The second event is for Trigger Messages, which are 0x1186 base radio BR conttol 
messages fkom the network processing cardNPC. The third event is for Outbound 
Bundles, which are Outbound bundle messages sent to the digital signal proc^sor writer. 

As illustrated in FIGURE 13, at a block 310, Are routine mitializes the function 
variables., At decision blocks 3 12 and 3 14, tiie routine enters a loop including a 7 ,5 mSec 
delay interval, which continues until a message is received as determined at decision 
block 314, Once a message is received, the routuie proceeds to a decision block 320, 
where the routine determines whether the received message is an inbound bundle . If the 
message is an inbound bundle, then the routine proceeds to a decision block 332,. 

At decision block 332, the routine determines whether the end of the bundle has 
been reached. If the end of the bundle has been reached, then the routine returns If Ihe 
end of the bundle has not been reached, then the routine proceeds to a block 334 . At 
block 334, the routine duplicates the Mblk as a single protocol data unit PDU message,, 
At a block 336, tiie routine sends the message to the DSP writer, and then returns to 
decision block 332. 

If at decision block 320 flie received mess^e is not an inbound bundle, then the 
routine proceeds to a decision block 322.. At decision block 322 the routine determines 
whether the received message is a bigger- message rather than a slot timer event. If the 
received message is a tLigger message, then the routine proceeds to a block ,342 At 
block 342, the routine processes the trigger and then returns. 

If at decision block 322 the r outine determines that the received message is not a 
trigger message but is mstead a slot timer event, tiien the routine proceeds to a block 352, 
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At block 352, the routine sends liie bmdle. At a block 354, the routine sets up a new 
bundle, and then returns . 

In one embodiment, in order to eliminate an extia copy fiom the digital signal 
processor reader task to the message loutei task MR, an API is available to call from the 
digital signal processor reader task that returns a pointer to the Mblk location where the 
data should be written. Thus, this is how one local copy of the outbound bundle is shared 
between the digital signal processor Reader task and the message router task MR,. The 
digital signal processor writer receives messages containing an Mblk, which contains the 
piotocol data unit to write into the digital signal processor. To reduce the changes 
required over' the original distal signal processor writer version, a function is used to 
provide a method to copy the data in an Mblk to another Mblk, This routine does not 
actually copy the data; rather , it increments a reference counter to the original Mblk and 
the Mblk does not get released until after every reference to the Mblk is released. This 
allows the multiple messages to be sent to the digital signal processor writer with each 
message referencing the origmal Mblk, thus elhninating a copy of the protocol data 
unitPDU,. 

The digital signal processor reader task RT is responsible for readily the inbound 
message from the digital signal processor and adding them to the bundle To eliminate a 
copy of the protocol data unit from the distal signal processor Reader to the message 
router via a message queue, in one embodiment, the digital signal processor reader writes 
directly to an Mblk that is shar ed between the message router and the digital signal 
processor Reader. An API is available that allows function calls to be made to lock the 
buffer and obtain the location to write to. 

The digital signal processor writer task WT receives a single message with an 
Mblk containing the protocol data unit to wiite . The digital signal processor writes the 
protocol data unit PDU to the digital signal processor and fr ees the Mblk,, 

The message router MR task processes outbound slot requests or inbound 
messages independently. The inbound processing is somewhat complex as a result of the 
need to select fr om multiple aitlmk chassis units ACU. In one embodiment, the message 
router MR task is sepai^ed into two separ ate tasks called outbound message task 
OUTTASK and inbound message task INIASK In one embodiment, the OUTTASK 
receives a single slot request message every 15 mSec on the slot i-equest boundary . The 
message com^ from the slot request timer. The OUTTASK then checks for- each active 
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base radio BR that is set up, and calls the appropriate slot request fimction, and adds the 
resulting protocol data unit PDU to the outbound message, 

FIGURE 14 is a flow chart of the outbound message task OUTTASK., The block 
"Process for Outbound SDB" is sttnilai to what is done in a non- simulcast system As 
illustrated in FIGURE 14, at a block 410, the routine initializes the function variables, At 
decision blocks 412 and 414, the routine entei^ a loop as controlled by the slot request 
timer, to deteimine when a message is received.. When decision block 14 determines that 
a message has been received, then the routine proceeds to a block 420 

At block 420 the routine gets the active base radio I,D. At a block 422, the 
routine processes the slot number to slot type information (baseRld) At a block 424, the 
routine processes for outbound PDUs,. At decision block 426, the routine determines if 
the end of the active base radios have been reached If not, the routine returns to 
block 420. If at decision block 426 the end of the active base radios have been r eached, 
then the routine proceeds to a block 428 . At block 428 the routine sends a bundle to the 
aiilink processing card APC, and liien returns to decision block 412., 

In the simulcast system of the present invention, because Ihere can be multiple 
radio blades RB for a particular channel within listening distance of a mobile device, it is 
likely that a message sent ftom Ihe mobile device will be received on multiple radio 
blades RB. The result is identical messages sent from two sources to tiie inbound 
message task INIASK. In one embodunent, these duplicate messages are reduced to a 
single message before the associated control procedure ACP or random access 
procedure RAP tasks perform their processing . There ar e two places the inbound 
messages need to be selected, One place is the digital signal processor for a particular 
radio unit RFU, as was previously discussed, The second place is at the mbound message 
task INT ASK for messages from each airlmk chassis unit ACU, which is discussed in 
more detail below. 

Upon reception of an inbound message, liie inbound message task INT ASK 
receives an Ethernet message with a bundle of protocol data units There will be a bundle 
from each aiilmk chassis unit ACU in the system. If ther e is only one airlink chassis unit 
ACU, then the first bundle received will be processed.. If there are multiple airlink 
chassis units ACU in llie system, then the inbound mess^e tasklNTASK is generally 
made to wait until all bundles are received,. An inbound mess^e timer- is used to prevent 
the system fr om blocku^ indefinitely on a missing bundle. 
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Once all of the bundles are received, all protocol data units PDU in the bundle that 
have the same base radio BRID and slot number will be compared, The protocol data 
units PDU will fii st be checked to make sui-e the sync flag is valid and, if it is not, then 
that protocol data unit PDU is discarded; otheiwise, it is used for the comparison In one 

5 embodiment, based on the RSSI and H-N, the SQE for that slot will be computed, The 
protocol data unit with the largest SQE will be selected for fuither processing and the 
remaining protocol data units will be dropped. The RSSI measurement set that came with 
the selected protocol data unit PDU is foiwaided to the appropriate base radio session 
BRS for handover message generation,. 

10 FIGURE 15 is a flow chart of the inbound message task INT ASK,. In one 

embodiment, there is only one timer and it is enabled upon the reception of the first 
airlink chassis unit ACU message.. If the timer event happens, then the cunently 
available bundle is used and any following bundles from the same tune slot are discarded. 
The system also reports an Error,. The timer in FIGURE 15 generally has a hi^er 

1 5 resolution than what is offered by the system clock. 

As illustrated m FIGURE 15, at a block 510, flie routme initializes the function 
variables. At decision blocks 512 and 514, the routine enters a loop with a timer that is 
enabled at a block 524 (as will be described hi more detail below), which continues until 
a message is received. Once it is determined at decision block 514 that a message has 

20 been received, then the routine contmues to a decision block 516,. At decision block 516, 
the routine deteimines whether the received message is an inbound message rather than 
an inbound message timer event . If at decision block 516 the routine determines that the 
received message is not an inbound message and is thus an inbound timer event, then the 
routine proceeds to a block 532 At block 532, an error is reported, and the routine then 

25 proceeds to a block 540-, as will be described in more detail below 

If at decision block 516, the routine determines that the received message is an 
inbound message, then the routine continues to a decision block 522 At decision 
block 522, the routine determines whether the fmal aiilink chassis unit ACU has been 
reached. If the final airlmk chassis unit ACU has not been reached, then the routbie 

30 proceeds to block 524, where the timer is enabled, and the routme returns to decision 
block 512. 

If at decision block 522 the routine deteimines that the final ACU has been 
reached, then routhie continues to block 540, At block 540, the tirner is disabled. At a 
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block 542, the routine choose an appropriate inbound PDU At a block 544, Ihe routine 
sends the HO measuiement report to the base radio session. At a blodk 546, the routme 
processes for inbound SDB At a decision block 550, the routine determines whethej 
there are additional PDUs in the list, If there ar e additional PDUs in the list, then the 
routme returns to block 542 . If there ate not PDUs remainmg m the list, then the routine 
returns to decision block 512 . 

The Network and radio blade RB management tasks are responsible for the 
association of a particular radio blade RB, radio unit RPU, ai:link processmg card APC, 
air link chassis unit ACU, and base radio session BRS.. In the simulcast systems of the 
present invention, there can be multiple mdio unit RFUs and aiilink chassis units ACU 
associated with a particular sector. Upon detection of a radio blade, the iRBS task 
notifies tiie appropriate network processmg cardNPC that an additional radio blade RB 
has been added. This mess^e identifies the airlink processing card APC and radio unit 
RFU that is associated with the radio blade RB . The radio blade task RBT is responsible 
for the GPS slot/fiame sync to the radio blades RB, as was described above 

In the non-simulcast erjabodiment, the slot requeste come as messages to the 
message roirtei MR with the slot number ,. In the simulcast embodiment, the same slot 
request message is sent to the outbound message taskOUTTASK, although one 
diflfeience is that Ihe source of the message is the ISR that is synchronized to the 
integiated site controller ISC clock. In one embodiment, the Interface Card IC and LAN 
interface card LC have a component FPGA that is piogianmied to generate a 15 mSec 
signal to the aulink processmg card APC/network processing caidNPC that is 
synchronized with the 1 pps integr ated site controller ISC signal, This is used as a trigger 
foi inbound and outbound processing. 

An inbound message timer is used to trigger the event in wliich the INTASK is 
expecting a message fiom the airlink chassis unit ACU, but never receives it, The 
problem her e is that the inbound message task INTASK needs to know within a 
reasonable time period (e.g., about 1 mSec) so that it can meet the outbound timmg 
lequiiements even though, in one embodiment, the system clock is at about a 16 mSec 
resolution. In one embodiment, the solution is to use an auxiliary clock AUXCLOCK. 
The auxiliary clock AUXCLOCK is set iq) with a resolution of 1000 ticks/sec resulting in 
a 1 mSec interval . An ISR is attached to this system clock so that it will send a Timeout 
Mess^e after* ImSec to the mbound message task INTASK.. The auxiliary 
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clock AUXCLOCK is enabled only after the first inbound message is received and 
disabled after the second message or a tiiiieout. This prevents the auxffiaiy 
clock AUXCLOCK ISR from going off during periods that it is not needed and wasting 
valuable CPU cycles.. This effectively configmes the auxiliary clock AUXCLOCK as a 
5 one-shot timei', 

While the prefeiied embodunent of the invention has been illustrated and 
desciibed, it will be appreciated that various changes can be made therein without 
departing flom the spirit and scope of 'Uie invention, 
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Hie embodiments of fhe invention in which an exclxisive propeity or privilege is 

claimed aie defined as follows: 

1 ., A distributed radio system, comprising: 

a pliirality of processing elements and radio ftequency transmitter elements, the 
pr ocessing elements and the r adio ftequency tr ansmitter elements being iaterconnected by 
an Ethernet network; and 

wheiem the distributed radio system simulcasts data in the form of a common 
modulating signal on a common radio frequency canier using at least two radio 
fiequency transmittei element which are designated as a radio frequency simulcast set. 

2 . The distributed radio system of Claim 1 , wher ein the elements of the radio 
fiequency simulcast set are configured to receive Ethernet sampled signal packets and to 
transmit the information contained in the packets by modulating the radio frequency 
carrier, 

3 . The distributed radio system of Claim 2» wherein the simulcast method 
comprises: 

transmitting a first set of Ethernet packets to be received by the elements of the 
radio frequency simulcast set, the first set of Ethernet packets used to program the 
elements of the r adio fr equency sunulcast set with a multicast address, the elements of the 
radio frequency simulcast set Ihereafter responsive to Ethemet packets containing the 
multicast address as the designation media access control (MAC) address. 

4. The distributed radio system of Claun 3, wherein the simulcast method 
further comprises: 

transmitting a second set of Ethemet packets to be received by the elements of the 
radio firequency simulcast set, the second set of Ethernet packets being used to program 
the elements of the radio ftequency simulcast set to operate using a particular radio 
fiequency carrier 

5., The distributed radio system of Claim 4, wherein the simulcast method 
further comprises: 

periodically transmitting Ethernet sampled signal packets, the Ethemet sampled 
signal packets having a destination address which is equivalent to the programmed 
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multicast addi ess, the elements of the radio fi^quency simulcast set configured to receive 
the Ethernet sampled signal packets, the elements of the radio fi'equency simulcast set 
modulating the common radio ftequency carrier in accordance with the sampled data 
included in the Ethernet sampled signal packets 

6. The distributed radio system of Claim 1, wherein the system is primarily 
located indoors. 

7. The distributed radio system of Claim 6, wherein the system is operated at 
low powet^ levels such that the system will not substantially interfere with an existing 
macrocellular' environment, even when the system is operating in the same fiequency 
band for a given cellular standard. 

8 . The distributed radio system of Claim 1 , wherein the processing elements 
comprise at least one central processing unit and a plurality of airlink processing units, 
file central processing unit being responsible for interfacing the system to external 
environments, and each airlink processing unit being coupled to one or mor^ of the radio 
frequency transmitter elements through the Etiiernet network,. 

9 The distributed radio system of Claim 8, wherein the layer 2 is centralized 
at the central processii^ unit . 

10. The distributed radio system of Claim 9, wherein the layer 2 Ethernet 
packets are sent by the central processing unit to a plurality of airlink processing units 
that are associated with the radio fiequency simulcast set, the plurality of airlink 
processing units fhrfher processing the layer 2 data into waveforms, the waveforms being 
transmitted by the radio fiequency simulcast set. 

11. The distributed radio system of Claim 8, wherein the transmissions are 
unplemented by a two4evel multicast technique^ in which the transmit data is sent by the 
central piocesshig unit in layer 2 format as multicast Ethernet packets, to a plurality of 
airlink processing imits associated with the radio ftequency sunulcast set, after which the 
tt arismit data is sent fi om each airlink processing unit to the r adio fi equency simulcast set 
iti layer 1 format as multicast Ethernet packets , 
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12 . The distiibuted radio system of Claim 1, whei-ein at least a poition of the 
data that is to be transmitted by the radio fiequency simulcast set is bundled, such that at 
least some of the data for multiple radio frequency channels is grouped into a single 
Ethernet packet 

13 . The dfetributed radio system of Claim 1, wherein the system foithei 
comprise Ethernet switches which are configured to filter the transmission of designated 
data so as to limit the amount of data that is liansmitted. 

14,. A distributed radio system, compiisii^: 

a pluiality of processmg elements and a pluiality of radio ftequoicy receivei' 
elements, the piocessing elements and the radio fiequency receiver elements being 
inteixjonnected by an Ethernet netwoik; and 

wherein the radio frequency receivei elements are configmed to receive signals 
ftom a mobile unit 

15,. The distributed ladio system of Claim 14, wherein the signals transmitted 
from a mobile unit aie detected by multiple radio frequency receiver units, and the system 
selects one of the mdio frequency receiver elements for pixx^essing. 

16. The distributed ladio system of Claim 15, wherein the selection process is 
a distributed process in that the selection process occurs at two or more of the processing 
elements of the system.. 

17, The distiibuted radio system of Claim 16, wherein the plurality of 
processing elements comprise at least one central piocessing unit and a plurality ofairlink 
processing units, the central piocessing unit being responsible for mterfacing the system 
to external environments, and each airlink piocessing unit being coupled to one or more 
of the ladio fiequency receiver elements . 

18,. The distiibuted radio system of Claim 17, wherem the selection process 
occurs in part at the central processing unit and ia part at the airlink processing unit. 

19 . The distributed radio system of Claim 1 8, wherein each aiiUnk processing 
unit selects a received signal from only one of the r adio frequency receiver elements and 
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thus foiwards only one signal to the central processing unit where a final signal selection 
is made,. 

20., The distributed radio system of Claim 19, wherein distiibution of the 
selection process is dependant on the avmlable data mte of ike system, in that moi^ 
signals will be foiwarded to the central processii^ unit when a higher data rate is 
available than when a lower data late is available . 

21,, The distributed ladio system of Claim 17, wherein the distributed 
processing utili;^d by the selection process is synchionized in that the central processing 
unit is synchronized with the radio firequency receiver elements. 

22 The distributed radio system of Claim 21, wherein the aiilink processing 
units are also synchronized, 

23. The distributed radio system of Claim 17, wherein a selection time 
window is utilized at the central processing unit for estabUshing a time linut for 
completing the selection process. 

24,. The distributed radio system of Claim 23, wherein the central processing 
unit includes a time base that is synchronized with the airlink processing units and the 
radio fiequency receiver elements . 

25 .. The distributed radio system of Claim 17, wher ein at least a portion of the 
data that is sent fiom at least one of the aiilink processing units to the central processing 
unit is bundled into one ox more Ethemet packets, tathei than sending mdividual Etheinet 
packets for each radio fiequency channel. 

26,, The distributed radio system of Claim 17, wherein the system further 
comprises Ethernet switches, the Etheinet switches being selectively managed so as to 
reduce the amount of data th^t is Iransmitted between the processing elements . 
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